Mullins effect is the phenomenon of stress softening due to prior straining. Stress softening affects the response of facilities isolated by rubber bearings to strong earthquakes because it changes the stiffness of rubber bearings. The influence of the Mullins effect on seismic responses needs to be understood in detail in order to design facilities isolated by rubber bearings based on performance design. The stiffness of rubber isolators which is affected by stress softening, varies over time because stress softening changes depending on the number of repetitions of straining and the magnitude of the generated strain. The magnitude of strain generated in a facility before the principle seismic motion of an earthquake reaches the facility differs depending on whether the earthquake is subduction-zone earthquake or an active fault earthquake because the principle seismic motion of an active fault earthquake reaches the facility in a shorter time. This paper presents the results of a study to investigate the influence of stress softening caused by the Mullins effect and differences in the seismic response of a facility depending on the characteristics of earthquakes.
Biaxial stretch test setup. The biaxial test equipment has 24 clips for retaining all sides of the rubber plate at the center of the equipment, and simultaneously stretches the rubber plate in biaxial directions. In a biaxial test, the flat rubber plate was evenly extended in biaxial directions by the clips. In a pure shear test, the clips on two opposite sides extended the rubber plate in one direction. The clips on the other two sides moved freely in the extending direction and restricted the rubber from shrinking in the direction orthogonal to the extending direction Fig.4 Curves fitted to experimental data. The parameters of the Ogden's law were identified from the loading curves for the rubber material in the virgin state in the uniaxial tension test, the biaxial tension test and the pure shear test to minimize the discrepancy between the measured and estimated stresses. Biaxial load test set-up. The columnar rubber isolator was installed between a rod of a standard tensile machine and a six-component force transducer. The force transducer was placed on a linear slider which was horizontally movable by an electric motor. The rubber isolator was subjected to compression and shear forces at the same time. The deformation and reaction forces were measured by laser displacement sensors and the force transducer. Velocity of shear deformation 0.8 mm/sec The rubber isolator deformed gradually during the seismic motion of Tohoku-Oi, which was used as an example of a subduction-zone earthquake. Load-deformation relationships of rubber isolator. The hardening of the rubber isolator was prominent when the rubber isolator was repeatedly deformed by the artificial seismic waves. When the isolation system received the seismic acceleration of JMA-Kobe, hardening of the rubber isolator did not occur because the principal motion of the earthquake reached the rubber isolator before the rubber isolator was repeatedly deformed. Fig.17 Load-deformation relationships of rubber isolator. The load-deformation relationships depend on stress softening caused by deformation. Stress softening due to the Mullins effect causes hardening of the rubber isolator in large deformation ranges.
Larger deformation mitigates the of the rubber isolator, which causes a increase in response acceleration. 
